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Figure 1. The auditory apparatus of a sound-producing fish, the plainfin midshipman.
Micro-CT image of skull of a midshipman fish highlighting two large, white otoliths positioned
almost perpendicular to each other that belong to each saccule division of paired inner ears.
The smaller, round otolith towards the snout belongs to the utricle of the inner ear. Adjacent
finger-like projections belong to support structure of gills. (Photo courtesy of Mark Riccio
and Andrew Bass, Cornell University.)
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R322there something fundamentally
different about BK channels? Finally,
has steroid modulation of BK channels
evolved once in an ancestral vertebrate
or multiple times independently in
various lineages? BK channels are
likely to be in all vertebrate hair cells
and electroreceptors. Electroreceptors
are androgen-sensitive and, because
they have evolved multiple times, must
have evolved androgen sensitivity
independently. The hair cells of the
midshipman are androgen- and
estrogen-sensitive. This suggests
multiple co-options of BK channels for
hormone-mediated shifts in receptor
tuning in vertebrates. Do steroids
modulate BK channels of saccular hair
cells in other species of fishes that have
independently evolved sonic
communication, or in the hair cells of
the lateral line arrayed along the sides
of fish and stimulated during ritualized
whole-body vibratory courtship
displays such as in salmon [12]? It
would be fascinating to see if BK
channels are accessed repeatedly
for the evolution of seasonal
hormone-dependent shifts in tuning,
much as voltage-gated sodium
channels in muscle-derived electric
organs have been accessed twice inthe evolution of electric communication
signals in electric fishes [13].References
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Structure AnymoreA recent paper has identified the tumor suppressor APC as a linker protein
between intermediate filaments and microtubules. In the absence of APC,
intermediate filaments collapse and the cells are no longer polarized and fail
to migrate.Ronald K.H. Liem
The principal function of intermediate
filaments as described in textbooks
is structural. More recent studies
have found that intermediate filaments
are also expressed at the leading edge
of cells and are necessary for cellpolarity and migration. Interactions
between intermediate filaments and
microtubules are very important for
these functions. Intermediate filaments
(also known as 10 nm filaments) were
described in skeletal muscle cells in
1968 by the laboratory of Howard
Holtzer as being intermediate in
Dispatch
R323diameter between actin filaments
and myosin filaments [1]. Most
eukaryotic cells (not including yeast)
have intermediate filaments and the
proteins that constitute these filaments
comprise a family of over 40 different
proteins.
In 1971, Robert Goldman noted
that in baby hamster kidney (BHK-21)
cells a juxtanuclear cap of birefringent
filaments was formed when the cells
were treated with colchicine to remove
the microtubules (a treatment that
results in inhibition of cell locomotion)
[2]. This birefringent cap was shown by
electron microscopy to be composed
almost exclusively of 10 nm filaments.
When the 10 nmfilamentswere isolated
and antibodies to these filaments
were generated, immunofluorescence
studies also showed that the
birefringent cap was composed of
10 nm filaments, which normally course
throughout the cytoplasm of most
eukaryotic cells. The collapse of the
filaments upon depolymerization of
microtubules was the first clear
evidence of connections between
these two cytoskeletal elements. How
these two filament systems are
connected to each other and to the
third filament system — the actin
filaments — has been the focus of
study of a number of different
laboratories. A recent paper from the
Etienne-Manneville laboratory [3] now
reports that interactions between
microtubules and intermediate
filaments are important in cell
polarization and migration and that
these interactions are mediated by the
tumor suppressor adenomatous
polyposis coli (APC).
Prior to this study, a number of
other proteins had been reported to
be able to link microtubules to
intermediate filaments. In particular,
members of the plakin family of
cytolinkers have domains that
interact with each of the filament
systems (reviewed in [4]). Various
plakins, including the desmosomal
protein, desmoplakin, and the
hemidesmosomal proteins bullous
pemphigoid antigen 1e (BPAG1e)
and plectin, have domains in their
carboxy-terminal tails that can
bind to intermediate filaments. The
regions of these particular plakins that
bind microtubules are less
well-defined. Plectin was originally
described as co-purifying with
microtubules, although it failed to cycle
through several microtubuleassembly–disassembly cycles. Several
members of the plakin family have
calponin-homology domains that can
interact with actin filaments. Additional
larger complex forms of plakins (also
called spectraplakins because they
additionally contain multiple spectrin
repeats), such as Drosophila
shortstop and its mammalian
homolog MACF1/ACF7, have clearly
defined carboxy-terminal domains
that interact with microtubules.
Since the spectraplakins also have
the actin-binding calponin homology
domains in their amino termini, they
can function as microtubule–actin
cross-linkers. In these isoforms,
the previously identified
intermediate-filament-binding regions
appeared to be spliced out. Thus,
although plakins could potentially
be the link between all three
cytoskeletal elements, they more
convincingly link cell junctions
and intermediate filaments, or
microtubules and actin filaments.
In the new work, Sakamoto et al.
[3] went on a careful search for
proteins that can interact with both
microtubules and intermediate
filaments. One group of proteins
thought to be potential linkers between
these cytoskeletal elements are the
microtubule motor proteins. Neuronal
intermediate filaments move in both
a retrograde and anterograde manner
along microtubules, presumably
mediated by dynein and kinesin
microtubule motors [5]. In fibroblasts,
the anterograde motor kinesin can
interact with vimentin intermediate
filaments [6]. Sakamoto et al. [3]
focused their analysis on primary rat
astrocytes, which express vimentin
along with the glial fibrillary acidic
protein (GFAP), an intermediate
filament protein that co-polymerizes
with vimentin. In non-migrating
astrocytes the intermediate filaments
are found mainly around the nucleus,
whereas in migrating astrocytes the
intermediate filaments are found along
the polarized microtubule network,
similar to the vimentin intermediate
filaments that co-localize with
microtubules in migrating fibroblasts.
To determine whether kinesin was
required for intermediate filament
rearrangement during astrocyte
migration, the authors treated the
cells with a kinesin inhibitor and found
no discernible effect on intermediate
filament organization. Since neuronal
intermediate filaments move alongmicrotubules in both directions, the
authors also examined the effects of
siRNA-mediated depletion of dynein
heavy chain but again found no
noticeable effect on the organization
of the intermediate filaments in the
astrocytes.
Enter the APC tumor suppressor.
The APC gene was first identified as
being mutated in familial adenomatous
polyposis, a disease characterized
by multiple colorectal tumors [7].
Mutations in APC are linked to both
sporadic and inherited forms of colon
cancer. APC is involved in the Wnt
signaling pathway, where it acts as
a tumor suppressor through its
interaction with b-catenin, glycogen
synthase kinase 3b (GSK3b) and
axin. The APC–GSK3b–axin complex
binds b-catenin and targets it for
degradation. As a result, b-catenin is
prevented from entering the nucleus
and cannot activate the transcription
of proliferation genes. It has also been
found that wild-type but not mutant
forms of APC can bind to microtubules
[8]; thus, the domain deleted in
APC that causes familial
adenomatous polyposis can interact
with microtubules. APC not only
binds to microtubules, but it can
also promote tubulin assembly. It is
localized at the tip of microtubules
and it is involved in active cell
migration. End binding protein 1
(EB1) was identified as a protein that
interacts with the carboxyl terminus
of APC and itself also interacts with
the plus end of microtubules and is
important for targeting APC to
microtubule tips, suggesting that the
two proteins work together to stabilize
microtubules [9]. Although APC is
a large protein and has multiple
binding partners, until now there
was no evidence that it could also
interact with intermediate filaments.
Sakamoto et al. [3] showed that
EB1 did not play a role in the
interactions between microtubules and
intermediate filaments, as intermediate
filaments were still aligned with the
microtubules when EB1 was depleted
using siRNA. In contrast, the
interaction between these two filament
systems turned out to be dependent
directly on APC: siRNA of APC resulted
in the retraction of the intermediate
filaments near the nucleus, similar to
the effects seen in cells treated with
microtubule-depolymerizing agents,
suggesting that APC forms part of the
bridge between intermediate filaments
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to be truncated in many cancer cells,
the authors analyzed a glioblastoma
cell line where APC was barely
detectable and found that the
intermediate filament network was
retracted towards the nucleus. This
observation is not true in all cancer
cells, however, as it turns out that
APC does not interact with keratin
intermediate filaments, and the keratin
network remains well spread in the
absence of APC, even though the
vimentin network is retracted.
The authors also found that the
region of APC that interacted with
intermediate filaments was located
in the armadillo repeat motif (ARM)
closer to the amino terminus of APC.
Thus, the domains that interact with
intermediate filaments and
microtubules are well separated in
the molecule. Immunoprecipitation
experiments confirmed that both
vimentin and GFAP interact with the
ARM region. In vitro polymerization
assays suggest that this region
of APC enhances intermediate
filament polymerization, at least as
measured by turbidity. Since no
EM data were presented for these
experiments, it is hard to determine
whether the ARM region of APC
caused elongation of intermediate
filaments, although the intensity of
immunofluorescence staining
increased when vimentin was
polymerized in the presence of the
amino-terminal region of APC.
What is the significance of these
interactions between microtubulesand intermediate filaments? As is
well-known, microtubules are
important for cell polarization and
migration, as well as for centrosome
reorientation. To study the importance
of the APC-mediated connection
between the two cytoskeletal
elements, the authors microinjected
astrocytes migrating towards a wound
edge with a number of APC constructs,
including two that contain the
intermediate-filament-binding site and
one that did not. The results showed
that the constructs that contained
the intermediate-filament-binding
site resulted in a collapse of
the intermediate filaments and
inhibited astrocyte migration, but
had no effect on centrosome
reorientation. As further evidence that
intermediate filaments are involved in
migration, the authors also used a
carboxy-terminal dominant-negative
GFAP construct, which collapses
the intermediate filament network,
and found that this construct also
inhibited migration.
The studies in this paper therefore
reveal that the tumor suppressor APC
is able to interact with microtubules
and intermediate filaments through
two distinct regions and that APC
interacts with two types of intermediate
filaments, i.e. GFAP and vimentin,
although not with keratins. It remains
to be seen whether neuronal
intermediate filaments also interact
with microtubules through APC, or
whether these interactions are
primarily through microtubule motor
proteins, which function to transportthe neuronal intermediate filaments
along the axon.References
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Short-Term Memories for Limb
TargetingScanning movements made by stick insects’ forelimbs are modified for several
seconds after a brief contact with an object, suggesting that the neural
networks controlling local limb movements in insects can form short-term
positional memories.Jeremy E. Niven
Walking across a darkened room your
vision is of little use. Instead, you’re
likely to make searching movements
with your arms through the spaceahead of you to detect objects in your
path. Most of the space will probably
be empty but when you encounter
an object, your movements will
change as you try to identify it;
no longer sweeping through thespace, but making small directed
movements towards the object.
Without vision your progress across
the room will be slow.
For humans, this strategy is a
backup, implemented when vision is
poor. For many walking insects,
searching the space ahead with
forelimbs or antennae is essential for
detecting and locating obstacles or
footholds, and targeting their limbs
towards them [1,2]. The searching
movements of most insects are
typically rhythmic, sweeping through
a large region of space, but what
happens to these movements once
they encounter an object? In a recent
paper, Berg et al. [3] show that,
